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FOREWORD 


This  report-  was  prepared  by  the  Lockheed -California  Company,  Burbank, 
California,  under  Contract  No.  AF  33(6l5)-2690.  The  program  is  adminis¬ 
tered  under  the  direction  of  the  Air  Force  Materials  Laboratory, 

Research  and  Technology  Division  by  Lt.  D.  C.  LaGrone . 

This  work  is  conducted  under  the  direction  of  Mr.  H.  B.  Sipple,  R  &  D 
Engineer,  Materials  and  Processes,  Mr.  R.  F.  Simenz  is  Project  Leader, 
assisted  by  Mr.  W.  L.  Macoritto.  Technical  consultation  is  being 
pro -ided  by  Mr.  V.  E.  Dress  and  Mr.  G.  G.  Wald,  Research  Specialist 
and  Design  Specialist,  respectively. 

Static  testing  is  under  the  direction  of  Mr.  R.  L.  Adamson,  Materials 
Evaluation,  assisted  by  Mr.  S,  L.  Pendleberry.  Fatigue  testing  is 
under  the  direction  of  Mr.  R.  H.  Wells,  Structures  Test,  assisted  by 
Mr.  C.  S.  Oswell. 

Wyman -Gordon  Company  personnel  who  are  actively  participating  in  the 
program  include: 

Mr.  J.  J.  Zecco,  Jr.,  Research  Project  Engineer 
Mr.  R.  E.  Sparks,  Senior  Research  Metallurgist 

The  period  covered  by  this  report  is  1  July  1965  through  30  September  1965* 


ABSTRACT 


The  purpose  of  this  program  is  to  evaluate  large  titanium  forgings 
for  reliable  use  in  advanced  weapon  systems.  Four  forgings  of 
Ti-6Al-hV  ar.d  four  forgings  of  IMI679  will  be  used  in  the  evaluation. 

Two  forgings  of  each  alloy  will  be  machined  into  test  coupons  for  mater lal 
property  tests,  one  forging  will  be  full  scale  fatigue  tested  and  the 
other  forging  will  be  full  scale  static  tested,  y 

This  poport  cutwfta rise e -the~work~acc ompl ished.. during- the^ se cond<^ 
rly " period*.  ‘All  forgings  have  been  produced  and  heat  treated. 
Machining  of  two  forgings  each  of  Ti-6A1-4V  and  IMI679  bo  a  modified 
F-10’t  aft  fuselage  ring  fitting  is  nearly  completed. 


Preparation  of  material  property  test  ~nupons  removed  from  forgings 
of  IMI679  was  started  and  some  testing  cor  »ted.  Preliminary  smooth 
tension,  notched  tension,  compression  and  latigue  data  on  IMI679  are 
presented. 
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Substantially  increased  usage  of  titanium  alloy  forgings  is 
anticipated  in  future  weapon  systems  because  of  the  structural 
advantages  offered  by  these  materials.  The  purpose  of  this  program 
is  to  provide  data  which  will  form  a  basis  for  the  reliable  use  of 
titanium  alloy  forgings.  Two  titanium  alloys  will  be  evaluated  in 
this  program,  Ti-6A1-4V  and  IMI679* 

A  total  of  four  forgings  will  be  produced  in  each  alloy.  Two 
forgings  of  each  alloy  will  be  machined  into  test  coupons  for 
material  property  tests,  one  forging  will  be  full  scale  static  tested 
and  the  other  will  be  full  scale  fatigue  tested.  Mechanical  property 
data  to  be  obtained  will  include  tensile,  compression,  -bearing, 
shear,  fracture  toughness,  and  axial  fatigue  at  temperatures  of 
-110°  to  550 °F. 

In  a  previous  Air  Force  program  AF  33(6l5)-l635,  a  similar 
evaluation  was  conducted  on  two  other  titanium  alloy  forgings 
Ti-6Al-6V-2Sn  and  Ti-13V-llCr-3Al •  Data  obtained  in  the 
AF  33(615 ) -1635  program  will  be  compared  with  data  obtained  in 
this  program  to  illustrate  the  relative  merits  of  four  of  the  leading 
candidate  titanium  forging  alloys . 
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PROCEDURE  AND  RESULTS 


RAW  MATERIAL  DATA 

Billet  stock  chemical  analysis  and  test  properties  reported  by  TMCA 
are  given  in  the  Appendix. 

FORGINGS 

Four  forgings  of  T1-6A1-4V  and  four  forgings  of  IMI679  have  been 
received  from  Wyman -Gordon.  Details  on  the  forging  operations  used  to 
produce  these  parts  are  presented  in  the  Appendix. 

HEAT  TREATMENT 

The  IMI679  forgings  were  heat  treated  in  full  section  size  at  Wyman-Gordon . 
The  heat  treatment  recommended  by  the  supplier  for  this  alloy  was  used. 

This  treatment  consisted  of  heating  at  l650°F  for  one  hour,  followed  by 
fan  cooling  and  then  aging  at  930 °F  for  twenty-four  hours. 

The  Ti-6Al-UV  forgings  were  rough  machined  to  a  maximum  thickness  of 
2-1 /2  inches  prior  to  heat  treatment.  The  standard  solution  treatment 
and  age  was  used  for  this  alloy  (i.e.,  1750 °F  -  1  hour,  water  quench; 
age  L  hours  at  1000 °F.) 

MATERIAL  PROPERTY  TESTS 

Tensile  tests  on  T1-6A1-LV  and  IMI679  were  conducted  in  all  three  grain 
directions  on  the  billet  stock  from  which  the  forgings  were  produced. 

The  heat  treatment  procedures  used  on  the  billet  stock  were  the  same 
as  those  used  on  the  forgings .  The  data  obtained  are  given  in  the 
Appendix. 

Two  forgings  of  each  alloy  are  being  machined  into  test  coupons  for 
material  property  tests.  The  tests  to  be  conducted  include  smooth  and 
notched  tension,  compression,  fatigue,  shear,  bearing  and  fracture 
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toughness.  The  location  and  orientation  of  test  coupons  in  each  forging 
are  presented  in  Figures  1  through  6  . 

Preliminary  data  have  been  obtained  on  IMI679*  Smooth  tension,  notched 
tension,  compression  and  fatigue  data  are  presented  in  Tables  1  through  6. 
Additional  tensile  data  were  obtained  by  Wyman-Gordon  on  forgings  of 
Ti-6Al-4v  and  IM1-679*  These  tests  were  conducted  on  test  material 
forged  integral  with  the  parts .  Specimen  location  for  these  tests  are 
shown  in  Figure  7  •  Test  data  are  given  in  Tables  7  and  8. 

FULL  SCALE  TESTING 

Full  scale  static  and  fatigue  testing  will  be  conducted  in  the  same 

test  set-up  as  that  used  in  Contract  AF33(6l5)-l635*  Final  machining 

of  two  forgings  of  each  alloy  for  full  scale  testing  is  nearing  com¬ 
pletion. 
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FUTURE  WORK 


During  the  next  quarterly  period,  1  October  through  31  December,  it 
is  anticipated  that  the  following  work  will  be  accomplished: 

1.  Machining  of  all  parts  and  test  coupons  will  be  completed. 

2.  Material  property  testing  will  continue  and  additio.!dl  metallo- 
graphic  work  will  be  accomplished. 

3«  Test  fixtures  will  be  set  up  and  full  scale  static  testing  will 
be  initiated. 
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A  prefix  letter  is  used  with  a  given 
specimen  cods  to  denote  the  alloy 

"G"  prefix  for  IMI  679 
"I"  prefix  for  T1-6A1-4V 


Forging 

Center 

Section 


iy  , 


73,74  71,72 


k)  V&x , 

$yWAy 

A/W 

'VAtr 


/ 

3 

c- - 

5 

z 

4- 
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_ y 

SUB -BLOCK  I 


SUB-BLOCK  II 


Type 

Specimen  Number 

23  through  26 

39,  43,  46,  50,  52,  53 

71  through  74 

All  Others 

Compression 

Notched  Tensile 

Shear 

Tensile 

Specimen  Number 

Type 

1  through  8 

Fracture 

Toughness 

27  through  30 

Compressic 

Figure  b.  Specimen  Layout  for  1,0  679  and  T1-6A1-I.V  Firat  Feeing  Center  Section 
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Figure  5*  Specimen  Layout  For  IMI  679  and  Ti-6Al-tV  Second  Forging  Center  Section 


SUB-BLOCK  VI 


Specimen  Number 


Type 


1.  2,  3,  4 


Fracture 

Toughness 


All  Others 


Notch  Tensile 


NOTE:  N1  through  N8  Fat 
Cl  and  C2  Con 


Figure  6.  Fatigue  and  Compression 
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Figure  7»  Capability  Tests  -  Integrally  Forged  Coupon 


S-d  f-  o  o 


m  u-\  trl.dlH  t*-  c\j  -d 
-d  -d  -dj-dl-d  _d  -d  -d 


■  IA  H  O  d>\0  O  CT\ 

■  .d  rn-dvd  u-\  id  .d 


O  O  O  t- 
•  •  «  •  1 

O  O  On  0\ 
tr\  LA,d . 


Jojiiao  idJmo  o  Hco  o  o  o  o  o  o  uNoj  uao 


tn\o  d  lAlAVDd  lACU  MOrlMD  0>CCt'~-0\Lr't'-ir\vov£)vo 

H  H  |h  H  h[h[h  H  h]hjH  H  h]3>H  H  h]U\h  H  ^|hJ 


-p 

ta 

c 

<u 

Vl 

■P  -?R 
M  W  -H 

•  GO 

■Vi  O  X 


OUJOIrnOOftldS  Od  ! —  — 

-  •  «  •  .  .  *  .  .  .  .  •OOJCOOflJCOOt'OOJOO 

rOf—OO  rnvOOJOHOOO  •  •  •  •  •  •  •  •  •  •  •  - 

rocvj  moomCM  or  montnromrof-OiO  0\  iaco  t—  X>  r—co  co 

r-l  r-t  H  H  H  H  H  HJH  H  H|H  |0\C0  COOsDCOCOcOSOtOcOCO 


0) 

rl 

-H 

GO 

a  a 

0)  -P 

EH  ta 

C  -H 

d)  a)  ta 
-P  Vi  X 


CO  O  O  mO\fl\OH  vOO  O  lA^O-ddcO  nJVDOjnO  O  O  tn 
«<•»•••••••••«•«•«••••••• 

O-d  c—  D-  O  H  0\  t—  t~\p\p  VO  O  H  CO  MD  tA  O -dim -d  _d  tAd 
tA_d  -d  d  iTvJd  d  d  d  -d  -d  d  CXI  H  H  H  r-l  H  H|  H  H  rl  H  H 
HHHHHHHHHHHHHHHHHH  HI  H  H  H  HJH 


-P  ft 
to  eft 

g  g  ° 


o 

O 

O 

tn 

tn 

in 

in 

in 

in 

c:  -p 
•h  a 

2  2 

O  H 


> 

> 

C 

c 

X  o 

X  O 

Q) 

o 

a) 

a;  h 

d) 

(U 

d  H 

<D 

£ 

H 

ta 

H  ft 

ta 

ta 

H  ft 

w 

■H 

•p 

c 

ft 

e 

c 

ft 

c 

V 

<35 

ta 

£  £2 

ta 

el 

6  C 

05 

0) 

o 

H 

O  H 

i — i 

H 

O  H 

*— ( 

P< 

o 

ft 

o  ca 

ft 

ft 

O  ts 

to 

ft 

Vi 

Vi 

O 

O 

H  A 

o  e 


at 

ta 

a] 

w  u  t-s  id  ft 


feiS  h  a>  ft  ft  ft  a>  ft  ft  ft  a>  ft  ft 

4  £ 


5T  H  S<  ft  (SOWH  Gi 

3ft  ^<^23  v<  <  <  <  v. 

*1  ft  0)  ft  fc,  ft  a>  p=<  fc<  pr^  0) 

<i  «: 


.2 


L3 


JBtjrasaanK*. 


O  OJ  CO  CO  ON  CM  CM  HHOO 

co  -4-  -4-  co  co  .4  -4  .4  j  <o 


*  xi 

hO  v  —  — 

c  .  C  o  NO 

O  *H  *  • 

H  Hd40O4lAIA4J'(<1 

W  H  HHHHHHHHHH 


a 

o 

H 

O 

W 

CO 

a 

Test 

Temp. 

°F 

o 

H 

s 

On 

s  • 

•H  fn 

a  -h 

in- 

Q 

NO 

C5 

M 

-H  O 
-4-  -4 


U\  _4 
H  H 


rH  CO  t- 


ON  o  H  O  -4-  IXN 


CM  CM  CM  cm!  CM  CO  CO  (O  CO  CO 

r-l  H  i-H  iH  i-l  rH  i-l  H  iH  H 


CO  .4 

co  ro 

rH  i— | 


m  S  9  ^  -J  ITN-rfCO  O  t- 

COCO-J  CO  -4  -4  -4  -4  3-  IA  J 

HHrHHr-IHrHHrHHrH 


ST 

ST 

ST 

W 

£ 

•H 

!h 

co 

a; 

Ch 

+> 

1 

a) 

£ 

bO 

0) 

•H 

TZ5 

o 

s 

w 

a) 

E  ^ 

•rH  d) 

ri 

CM 

CO 

a) 

bO 

at 

-=t 

ir\ 

VO 

0) 

to 

a 

t- 

% 

ON 

°  -9 

CO 

CO 

CO 

U 

CO 

CO 

CO 

u 

CO 

CO 

&§ 

O 

O 

o 

<L* 

> 

o 

O 

o 

% 

O 

o 

O 

w  a 

< 

<i 

IMI679  THICK  SECTION  COMPRESSION  PROPERTIES 


Jn  -p  w 
ft  co  AJ 

o  -a 
O  H 
OS 


VO  r-t  CO 
CO  -4  CO: 
H  H  H 


ON  CO  CO  X)  CVll  Q 
-4-  -3-  -=t-  0O-4-  L5 
rl  H  H  rl  H  I— I 


I 


■p  p< 
w  e  (i i 


co-4-  as  t— <x>  as 
OJ  CVJ  Sh  C\J  OJ  U 
ft  ft  <JS  ft  ft  Q) 


as  as 

M  t30 

as  as 

ICVVO  Si  c-oo  u 

Cs  o  as  o  Cs  as 


r-4*  W*-**  £ 


TABLE  7  PRODUCT  TEST  RESULTS  -  IMI-679  -  TMCA  HEAT  8427  f1) 

ALL  SAMPLES  WERE  INTEGRAL  WITH  FORGINGS  AT  TIME  OF  HEAT  TREATMENT 


Forging 

Number 

Spec 

No. 

Location 

Ultimate 

Tensile 

Strength 

ksi 

Yield 

Strength 

0.2  j, 

ksi 

Elong. 

1  in. 

R.A. 

* 

. 

HJU-1 

1L 

End  Pad  Long. 

152.4 

134.0 

15.0 

46.7 

IT 

End  Pad  Trans. 

149.0 

134.0 

16.0 

46.1 

1L 

Center  Pad  Long. 

146.4 

131.2 

15.0 

37.6 

HJU-2 

1L 

End  Pad  Long. 

153.0 

134.0 

15.0 

47.8 

IT 

End  Pad  Trans. 

146.2 

131.6 

16.0 

43.1 

1L 

Center  Pad  Long. 

150.0 

133.6 

13.5 

36.3 

HJU-3 

1L 

End  Pad  Long. 

153-8 

134.6 

15.0 

43.7 

IT 

End  Pad  Trans. 

146.8 

131.6 

14.5 

45.5 

1L 

Center  Pad  Long. 

150.0 

131.6 

14.5 

42.5 

HJU-4 

1L 

End  Pad  Long. 

152.0 

134.2 

15.0 

46.1 

IT 

End  Pad  Trans. 

150.0 

132.0 

15.O 

39.5 

1L 

Center  Pad  Long* 

148.0 

130.0 

13.5 

39-5 

Heat  Treatment 

Solution  Treated  l650°F  (1  hour  )  Fan  Cool 
Aged  930°F  (24  hours)  Air  Cool 
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APPENDIX 


TMCA  chemical  analysis  for  the  Ti-6A1-4V  and  IMI679  "billet  stock  are 
given  in  Table  9*  Mechanical  properties  for  both  alloys  reported  by 
TMCA  are  presented  in  Table  10. 

Wyman-Gordon  data  on  tensile  properties  for  all  three  grain  directions 
on  Ti-6A1-4V  and  IMI679  billet  stock  are  given  in  Tables  11  and  12. 

The  billet  material  was  four  inches  thick  at  time  of  heat  treatment. 

Longitudinal  and  transverse  macrosections  of  IMI679  billet  are  shown 
in  Figures  8,  9>  and  10.  Microstructures  of  IMI679  and  Ti-6A1-4V  billet 
material  are  presented  in  Figures  11  and  12. 

Basic  details  related  to  production  of  the  T1-6A1-4V  and  IMI679  closed 
die  forgings  are  presented  in  Tables  13  and  lk. 
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Macrosection  of  7-Inch  RCS  Billet  Stock  IMI  6?9,  Transverse  -  Bottom 


Macrosection  of  7-Inch  RCS  Billet  Stock  IMI  679,  Transverse  -  Top 
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Figure  12.  Microstructure  of  Heat  Treated  Ti-6A1-4V  Billet  Stock 
(Longitudinal  -  Upper,  Transverse  -  Lower) 

Etchant :  NAOH  100X 
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TABLE  11. 


BILLET  STOCK  TENSILE  TEST  RESULTS 
Ti-IMI  679  -  TMCA  HEAT  D-8427C1) 
(7x7x4  Billet) 


Specimen 

Number 

Ultimate 

Tensile 

Strength 

ksi 

Yield 

Strength 

0.2$ 

ksi 

Elong. 

* 

1  in. 

R.A. 

* 

1L 

144.0 

125.6 

— 

35.7 

139.0 

118.0 

33.8 

l4o.O 

121.8 

15.0 

38.2 

142.0 

122.0 

11.5 

29.9 

152.0 

134.0 

15.0 

31.1 

4T 

150.0 

133.8 

10.0 

29.9 

(l)  Heat  Treatment: 

Solution  Treated  l650°F  (l  hour  )  Fan  Cool 
Aged  930°F  (24  hours)  Air  Cool 
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cooling  was  in  air 


